Abstract -To address the problem that joints would exceed limitation in motion control of Tele-operation, a novel efficient inverse kinematics method for the 7 DOF manipulator of the thermonuclear fusion reactor to trajectory planning is presented in this paper. Based on Weighted Least-Norm (WLN) solution, the fixed joint angle inversion method is applied to decrease the accumulated error and avoid joint limits. Simulation results illustrate the effectiveness of the proposed algorithm on avoiding joint limitation and reducing the tracking error.
I. INTRODUCTION
As people cannot clean or maintain the equipment in the thermonuclear fusion reactor when necessary, some manipulators are needed to handle this situation. Redundant manipulator is a good choice because It will avoid joint limits, singularities and obstacles when executing tasks. Redundancy is also taken into account in control methods for velocities or actuator torques. In this paper, we focus on avoiding the joint limits and remaining the smoothly of joint velocities when it is near the singularity position.
The redundancy for a particular task is generally achieved through global or local optimization of a performance criterion while satisfying the kinematics equations relating the endeffector trajectory to the joint trajectory. But because of the joints limits, the motion of the manipulator may become singularities when the end-effector trajectory is mapped to the joints space, reducing the flexibility of the manipulator. To solve this problem, a Weighted Least-Norm (WLN) solution is used in [1] , while the wildly used Gradient projection method is proposed in [2] ~ [4] .
As mentioned in [5] [6] , there are also some iterative methods that can solve this problems. These methods can be applied to any kinematic structure, but they may be slower and in some case, they may fail to work out all the possible situations. [7] proposes an analytical methodology of 7-DOF redundant manipulators with joint limits. An analysis is made on the kinematics on velocity and acceleration level, showing that the manipulators can effectively avoid the joint angle, velocity and acceleration limits. But the calculation process is very complicated and requires the inertial parameters of the manipulator, limiting the usage of this method.
The configuration of the manipulator used for the thermonuclear fusion reactor is shown in Fig.1 . It will inevitably be beyond the limits of the joint when the GPM method is used in practical application. So in this paper, we use the WLN method mentioned in [8] ~ [12] first and then modified the approximate solution for the final track path in an analytic way. Finally not only the complexity and amount of calculation are reduced, but the joint limits are also avoided. 
II. MODEL AND RELATED WORK

A. Joint models
The model of the 7 DOF manipulator used for the thermonuclear fusion reactor is shown in Fig. 2 . As is shown in Fig.3 , the coordinate system is established. 
C. Problems of the WLN method WLN solution has been wildly used for minimizing energy or joint torques. From the previous description, it is known that by choosing the appropriate optimization function, the WLN solution can avoid the joint limits. However, this will result in the following problems
1) The accuracy of the end-effector: The WLN solution uses the Jacobian matrix, and the Jacobian matrix is relevant to the joint angle of current time. But the angle keeps changing over time. So in a small time interval, the joint 
angles of last interval time are taken as current joint angles, producing deviation.
2) The smoothly of the joint velocity: From (12) to (14) it is obvious that the velocity tends to zero when the joints is near their joints limits. But this is not suitable for practical application.
D. Modified the WLN solution
Because of the problems caused by the usage of the WLN solution, now we computed the of (1) first, then calculate each angle of the joint according to the time interval, finally modify the joint angles. Flowchart of the method is shown in Fig.4 . 
III. EXAMPLE A. Inverse kinematics of the model
As showed in Fig.3 , in order to facilitate the matrix of Jacobian, we can define the sixth joint as wrist joint and calculate the Jacobian matrix of it in the third coordinate. The Jacobian matrix can be shown as follows: R , which can be displayed as:
so we can get the velocity in the third coordinate with the following formula: 
So the coordinate of at the first joint coordinate is known. Suppose the coordinate of is ( x , y , z ),they have the following relationship: And on the basis of the above conditions, according to the calculation process of (26), it can be gotten that 3 k θ π ≠ ± . And in this singular configuration, the joint can have a nonzero velocity when the platform is at rest, it is unable to execute an arbitrary instantaneous motion [14] ~ [17] . In order to avoid the singularity, we redefine the value of θ ( 3,4,6) when it is close to the singularity 180 0 ( 3,4,6) 180 0
IV. SIMULATION AND EXPERIMENT
Suppose that the trajectory of the end-effector satisfied the relationship as: 
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